(Submitted for publication April 12, 1963 ; accepted August 8, 1963) "Trapped gas" has been defined by Bedell, Marshall, DuBois, and Comroe (1) as "that component of the thoracic gas volume which, having entered the thorax, is present in the lungs or pleural space but is unable to leave owing to intrapulmonary mechanical factors which prevent gaseous outflow." By measuring the ventilated portion of the thoracic gas volume (i.e., the functional residual capacity, FRC) with conventional dilutional methods (2) and comparing it to the total (ventilated and nonventilated) thoracic gas volume (TGV) as determined by their compression-decompression plethysmographic technique (3) , these investigators demonstrated trapped gas in several adult patients with blebs, cysts, pneumothorax, intrapulmonary tumors, and especially, emphysema. They conclude that gas which is trapped in alveoli (as opposed to intrapleural or cystic sites) must exist in regions that are in intermittent communication with the airway. the plethysmographic method. Because these measurements were not made in the same infants, the suggestion of gas-trapping remains tentative on the basis of such evidence.
This paper presents concurrent measurements of TGV and FRC that indicate the possibility of gas-trapping in 10 of 23 normal newborn babies examined at random.
SUBJECTS AND METHODS
Twenty-three infants ranging in weight from 1.30 to 4 .05 kg and in age from 16 hours to 71 days were studied. Although most of these babies were apparently normal in all respects, one (Subject 16) was recovering from mild respiratory distress due to the hyaline membrane syndrome, another had completed a clinical recovery from similar respiratory distress (Subject 12), and a third infant was postmature (Subject 21). Only occasional roentgenograms were obtained, and none of these revealed emphysema or pneumothorax. FRC was determined in duplicate followed within 3 hours by the TGV measurements. In certain infants (see Table II and Discussion), TGV was also determined after a period of 02-breathing.
Thoracic gas volume. This was determined by the plethysmographic method of DuBois and associates (3) as adapted for use in the newborn infant by Klaus and co-workers (5, 6 ) and Auld and colleagues (7) . These publications should be consulted for details, but the principle of the procedure may be stated as: TGV = AV/AP (barometric pressure-water vapor pressure). AV is registered as box pressure change and AP is measured as mouth (i.e., alveolar) pressure change after respiratory obstruction. In the present work the plethysmograph (65 L) and tare volume (150 ml) were filled with copper wire to minimize any adiabatic artifacts (9) . The box was calibrated, after the infant was removed, by introduction and withdrawal of 5 ml air at a rate comparable to the infant's own respiratory frequency. Only the inspiratory slope of the AV/AP trace was measured, to obviate the effect of possible compression of abdominal gas. These slopes were read both from the oscilloscope and from the paper traces, and the final measurement was (14) . The assumption of a final alveolar N2 of 1% is justified with insignificant error from a separate study (15) Table I and are summarized in Figure 1 , where it is seen that in fUilterm infants (approximately 2.5 to 3.5 kg) the lresent measurements of FRC by open-circuit N.,-washout agree well with those of Geubelle and associates (4) derived from the closed-circuit, Hedilution technique. Moreover, the average value of Klaus and co-workers (5) for TGV in newborn infants (29 ± 7.0 ml per kg) is in close agreement with our own estimates for babies of comparalble size (2.55 to 4.12 kg). Lung volume apparently decreases with increasing body weight.
The individual values and the 95% confidence limits for the three studies have been omitted from Figure 1 for simplification, but none of these separate estimates is significantly different from another throughout the weight range of the infants examined (see legend for When the present concurrent measurements of FRC and TGV in the same infants are compared as in Figure 2 , it is apparent that several babies (Subjects 3C, 5, 9, hlA, 12, 13A, 17, 19, 20, and 23) show a significant discrepancy between the The line of identity + 23% clearly separates these infants in whom TGV exceeded FRC. In no instance did the reverse occur. Since the coefficient of variation of the TGV determination is 11 6%o, any infant whose TGV exceeded the FRC by more than 23% (mean coefficient of variation 2 SD) was regarded as demonstrating the phenomenon of "trapped gas." The average amount of "trapped gas" so detected was 40 + 22 ml and amounted to 25 to 60%o of TGV, a volume comparable to that of adult patients with emphysema (1) .
In each of three infants having "trapped gas" (Subjects 3C, 19, and 20), the TGV could be significantly lowered by a 10-to 20-minute period of O2-breathing by funnel while in the plethysmograph, whereas three infants without "trapped gas" (Subjects 7, 10, and 15) had no change in TGV; this is shown in Table II . Figure 3 plots the frequency distribution of "trapped gas" against the age and weight of the infants. No clear trend is apparent, but the number of studies is admittedly small.
DISCUSSION
Possible sources of error. The reliable estimates of model lungs by both TGV and FRC methods and of tare volumes during each TGV study would appear to preclude gross errors. Since both TGV and FRC measurements were made in the supine position, diaphragmatic shifts are unlikely to account for the differences seen in Figure 2 .
The most accurate method for calibration of box pressure change is the rapid introduction and withdrawal of a known gas volume while the subject remains in the plethysmograph (1). This proved to be impractical in the present work because the infants' respirations interfered with accurate measurements of the record, so that calibration had to be performed with the infant removed. The inclusion of a tare volume estimation with each determination of TGV (6) checked any inaccuracy so introduced. Figure 2 indicates that any error involved in the TGV measurement must systematically lead to overestimation, for TGV was never significantly less than FRC. Abdominal gas compressed by the respiratory efforts following obstruction must be included in the estimate of TGV and could produce such a systematic overestimation; it does not do so in the trained adult (3), and Klaus considers it unlikely to be a source of significant error in the newborn (6 No systematic errors in the methods for measurement of TGV and FRC offer a reasonable explanation for the discrepancies noted in Figure 2 , and the phenomenon of gas-trapping seems to be demonstrated in these infants.
Interpretation. The term "trapped gas" implies the presence of some mechanical obstruction to gas flow (1) leading to very poor ventilation of some portions of the TGV. Since no direct examinations of the mechanics of breathing were made, we can only claim to have demonstrated that a significant portion of the TGV in many of the normal infants examined was so poorly ventilated as to escape representation in the FRC measurement. Washout curves in similar normal infants (15) (16) (17) have not shown significant maldistribution of ventilation. Thus, the very poorly ventilated gas detected here must be essentially isolated from the airway.
Poorly ventilated gas might be totally isolated from the airway as in cysts, blebs, pneumothorax, and so forth. These may have existed in the present infants, but unfortunately, routine roentgenograms of these clinically normal infants were omitted. It would seem unlikely, however, that such pathology could be sufficiently widespread in a random sample of newborns to occur in all of the infants manifesting "trapped gas. " Interstitial emphysema has been described in the lungs of babies dying from nonpulmonary causes (20) and could represent a site for gastrapping in these infants. Unless such areas were relatively avascular, or at least poorly perfused, they would rapidly diffuse N2 into the pulmonary capillary blood and be rendered gas-free during 0,-breathing, thus producing a discrepancy between TGV and FRC. Such areas once gas-freed should not reaerate, and one would expect stable FRC measurements, whereas we have noted that FRC measurements in the same infant tended to increase if the baby had been restless or crying imnmediately before the period of 02-breathing. In short, the very poorly aerated portion of the TGV may well be in intermittent communication with the airway.
Thus, it appears that the alveoli themselves are the sites for whatever gas-trapping occurred in these infants. Some further evidence was obtaine(l indicating that gas may be trapped in alveoli only intermittently ventilated (Table II) . Fur- Figure 1 , however, are not significant.
The usual cause for gas-trapping in alveoli is simple expiratory obstruction such as occurs in emphysema (1) . Without the critical evidence of expiratory flow rates, resistance measurements, and so forth, we can only speculate as to whether expiratory obstruction existed in these infants. Typical signs of expiratory obstruction (such as variations in end-expiratory level and slow return to base line after deep breathing) were not apparent in the bag-in-box tracings from these babies. Furthermore, although end-expiratory obstruction should lead to hyperinflated lungs, Figure 4 shows no significant trend towards increasingly frequent trapped gas at high lung volumes.
Previous investigations have shown that although TGV (5) and FRC (4) are rapidly attained in the first minutes to hours after birth, variations of 20 to 100%o may occur in both measurements during subsequent days. This evidence, coupled with the present indications of intermittently nonventilated alveoli and subsequent degassing, suggests a high degree of instability of lung volume during the first few days of life.
Agostoni's work (21) offers an explanation for such instability in that, owing largely to the highly compliant fetal thorax, the rest volume of the fetal (dog) thorax and lung is near the collapse volume of the latter. A small increase in rest volume occurs during air breathing after birth (21) , but during the period when alveolar fluid is replaced by air (22) , surface active forces may produce collapse of alveoli, particularly if the antiatelectasis factor (surfactant) is missing or inhibited (23); but since airway resistance tends to become infinite as lung volume decreases (24), gas-trapping may well develop. The relatively high lung volumes in premature infants and the close approximation of average TGV and FRC values in full-term infants (Figure 1 ) suggest that the stability of the newborn's lung improves as the thoracic cage stiffens and the alveolar surfactant appears with advancing gestational and postnatal ( Figure 3A ) age. Gas-trapping might then be an expression of the tenuous balance existing between the compliant thoracic cage of the newborn and the retractive forces of his lung.
SUM MARY
1) The total thoracic gas volume (TGV) and its ventilated component, the functional residual capacity (FRC), have been measured concurrently in 23 normal newborn infants.
2) The TGV was significantly larger than the FRC in 10 babies, indicating the presence of a very poorly ventilated portion of the lung amounting to 25 to 60% of the TGV.
3) This very poorly ventilated gas is probably "trappe(d" in terminal lung units that are intermittently nonventilated, especially during quiet breathing.
